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(54) Method for depositing a target material onto a sensitive material

(67)  Theinvention relates to a method for depositing
a target material onto a sensitive material, which method
comprises the steps of:

- providing a substrate with a sensitive material, like an
emissive electroluminescent layer;

- creating a vapor plume of target material by a physical
vapor deposition method;

- depositing a first layer of target material on the sensitive
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material, while maintaining the maximum particle velocity

of the deposited particles below a preset value; and

- depositing a second layer of target material on the first

layer of target material, while the maximum particle ve-

locity of the deposited particles is above the preset value.
The invention also relates to an intermediate product

and to an organic light emitting diode.
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Description

[0001] Theinvention relates to a method for depositing
a target material onto a sensitive material.

[0002] Depositing methods, and in particular physical
vapor deposition methods, use a plume of vapor with
particles, which are bombarded onto a substrate mate-
rial. This plume of vapor is generated by exciting a target
material, such that particles are freed from the target ma-
terial. Due to the excitement, the particles gain kinetic
energy, which moves the particles to the substrate and
which energy is used for the particles to adhere to the
substrate or even penetrate the substrate material. De-
pending on the substrate material and the obtained ki-
netic energy, the particles will penetrate to a certain depth
of the substrate material and/or damage the material due
to the bombardment. In the field of organic light emitting
diodes (OLEDs) efforts are made to provide transparent
OLEDs. An OLED has typically a layered structure of a
glass or transparent plastic layer, a first conducting layer,
an emissive electroluminescent layer and a second con-
ducting layer. By providing a voltage to the first and sec-
ond conducting layer, the emissive electroluminescent
layer is powered, such that it will emit light.

[0003] A transparent emissive electroluminescent lay-
er is known, as well as transparent conducting layers.
Typically a indium tin oxide layer is used for a transparent
conducting layer, which is arranged on a substrate with
a physical vapor deposition method. However, if a known
physical vapor deposition method is used to deposit in-
dium tin oxide, or a similar transparent conducting oxide,
to the transparent emissive electroluminescent layer, the
impact of the particles damages the emissive electrolu-
minescent layer to the extent, that it no longer emits light
when being powered, or its efficiency is strongly reduced
due to a leakage current or short circuiting.

[0004] Itis knowntouse a silverdeposition onthe emis-
sive electroluminescent layer. Silver has the advantage
that it can be deposited under such conditions, that it will
not damage the emissive electroluminescent layer. How-
ever, the transparency of a silver layer is restricted. Typ-
ically,an OLED with a silver layer as one of the conductive
layers can have a transparency of up to 40%.

[0005] Another disadvantage of the known methods,
in particular laser deposition methods, is that they use
ultraviolet light. Ultraviolet light damages the materials,
which are typically used for OLED production. UV light
in combination with the bombardment of particles is typ-
ically damaging for organic materials used for OLED pro-
duction.

[0006] A possibility would be to arrange a protective
layer of another material, which blocks ultraviolet light.
However, such layers are often not transparent and in
the case when an electrically conducting layer is to be
arranged, the protective layer will isolate the electrically
conducting layer from the emissive electroluminescent
layer.

[0007] Itis therefore an object of the invention to pro-
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vide a method, in which the above mentioned disadvan-
tages are reduced or even prevented.

[0008] Thisobjectis achieved with a method according
to the preamble, which method comprises the steps of:

- providing a substrate with a sensitive material, like
an emissive electroluminescent layer;

- creating a vapor plume of target material by a phys-
ical vapor deposition method;

- depositing a first layer of target material on the sen-
sitive material, while maintaining the maximum par-
ticle velocity of the deposited particles below a preset
value; and

- depositing a second layer of target material on the
first layer of target material, while the maximum par-
ticle velocity of the deposited particles is above the
preset value.

[0009] With the method according to the invention, a
first layer of target material is arranged on the sensitive
material without destroying the material. This is achieved
by ensuring that the maximum particle velocity is main-
tained below a preset value. When the particle velocity,
and thus the kinetic energy, of the particles is below a
preset value, the particles will attach to the sensitive ma-
terial, but will not penetrate and/or damage the sensitive
material, which could negatively affect the sensitive ma-
terial.

[0010] Incase an UV laseris used for creating the va-
por plume, the first layer could also provide an UV pro-
tection for the sensitive material, such that a higher UV
intensity can be used during deposition of the second
layer. In an embodiment of the invention the distance
between the target material and the substrate is in-
creased during depositing the firstlayer and said distance
is decreased during depositing the second layer. This
results in a lower maximum particle velocity on impact of
the particles on the substrate and also a lower UV inten-
sity on the substrate when the first layer is deposited.
[0011] Then the second layer is deposited on the first
layer. The already deposited layer provides a protective
layer for the sensitive material, so the target material par-
ticles for the second layer can have a higher velocity dur-
ing depositing than the target material particles used for
the first layer.

[0012] With the method according to the invention, it
is, because of the first layer, thus possible to deposit the
target material in a conventional way on a sensitive ma-
terial, which would otherwise damage the sensitive ma-
terial.

[0013] The preset value will have to be determined by
experiment as the preset value will at least depend on
the material of the target material, the physical vapor dep-
osition method, the chosen deposition parameters and
the sensitive material.

[0014] In a preferred embodiment of the method ac-
cording to the invention the first layer is deposited while
using a first pressure regime, the second layer is depos-
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ited while using a second pressure regime and wherein
the second pressure is lower than the first pressure.
[0015] With a physical depositing method a near vac-
uum environment is created in which the depositing is
performed. By controlling the vacuum or the pressure in
this environment, the impact velocity of the particles can
be controlled. When a higher pressure regime is used,
the particles of the target material in the vapor plume are
slowed down more, such that the impact on the substrate
is less violent and the sensitive material is no longer af-
fected. With a higher pressure regime, the particles have
a ’soft landing’ on the sensitive material.

[0016] As soon as the first layer is deposited with the
target material, the pressure regime can be lowered,
such that the particles can keep their speed and impact
with full energy on the first layer, without damaging the
underlying sensitive material.

[0017] Although it would be most common to deposit
the first and second layer with the same material, it will
also be possible to change the target material before de-
positing the second layer. By using two different target
materials, specific properties can be achieved for the lay-
er deposited on the sensitive material.

[0018] Inafurther preferred embodiment of the method
according to the invention the vapor plume is moved over
the surface of the sensitive material and the vapor plume
is controlled such, that the maximum velocity of the par-
ticles in the core of the plume is above the preset value
and the maximum velocity of the particles around the
core is below the preset value.

[0019] When a vapor plume is generated by exciting a
target material with for example a laser beam, the vapor
plume will have a core with a high concentration of par-
ticles having a high velocity. This core is surrounded with
an envelope with a lower concentration of particles. The
particles in the envelope will have a lower velocity.
[0020] By moving the vapor plume over the surface of
the sensitive material, the envelope with lower concen-
tration of particles will deposit first on the sensitive ma-
terial. This provides the sensitive material with the first
layer of target material along the path of the plume. While
the plume moves further, the core will pass over the ma-
terial already deposited by the envelope of the plume.
The particles within the core of the plume will then deposit
the second layer of target material.

[0021] Preferably, the movement of the vapor plume
starts outside of the surface of the sensitive material. This
ensures, that both the first layer and second layer of tar-
get material extend to the full surface of the sensitive
material.

[0022] When the vapor plume is moved over the sur-
face of the sensitive material it is necessary that the max-
imum velocity of the particles in the core of the plume is
above the preset value and the maximum velocity of the
particles around the core is below the preset value. Due
to the way a vapor plume is generated, there is already
a difference in particle velocity of the particles in the core
and the particles enveloping the core. Choosing a suita-
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ble pressure regime, will ensure, that the maximum par-
ticle velocity of the particles in the envelope is below the
preset value, while the maximum velocity in the core is
higher.

[0023] In yet another embodiment of the method ac-
cording to the invention the physical vapor deposition
method is a pulsed laser deposition.

[0024] In a further embodiment of the method accord-
ing to the invention, the combined first and second layer
is a transparent conducting oxide, in particular indium tin
oxide.

[0025] A transparent conducting oxide is a typical ma-
terial, which could not be arranged on a sensitive mate-
rial, like an emissive electroluminescent layer, without
the method according to the invention.

[0026] The invention also relates to an intermediate
product manufactured with the method according to the
invention, wherein the product comprises:

- asubstrate with a sensitive material, like an emissive
electroluminescent layer;

- afirst layer of target material deposited on the sen-
sitive material, wherein the deposited particles have
marginally penetrated and/or damaged the sensitive
material.

[0027] With the intermediate product of the invention,
afirstlayer of target material is arranged on the substrate
with a sensitive material. The deposited particles have
marginally penetrated the sensitive material, such that
the sensitive material is not affected. The particles are
arranged on the sensitive material and have not, or only
slightly, penetrated the sensitive material.

[0028] The invention also relates to an organic light
emitting diode comprising:

- asubstrate layer;

- afirst electric conducting layer arranged on the sub-
strate layer;

- an emissive electroluminescent layer arranged on
the first electric conducting layer; and

- asecond electric conducting layer arranged on the
emissive electroluminescent layer;

wherein the second electric conducting layer is arranged
using the method according to the invention.

[0029] These and other features of the invention will
be elucidated in conjunction with the accompanying
drawings.

[0030] Figure 1A and 1B show two steps of a first em-
bodiment according to the invention.

[0031] Figure 2 shows a second embodiment of the
method according to the invention.

[0032] Figure 3 shows a cross sectional view of an em-
bodiment of the organic light emitting diode according to
the invention.

[0033] Figure 1A shows a first step of a first embodi-
ment of the method according to the invention. A sub-
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strate 1 is provided with a layer of sensitive material 2.
A vapor plume 3 with particles of a target material is gen-
erated with a physical vapor deposition method, such as
a pulsed laser deposition method. This vapor plume 3
has a core 4 and an envelope 5.

[0034] By controlling the pressure regime in which the
vapor plume 3 is generated, the reach of the plume 3 and
the impact of the particles within the plume 3 can be con-
trolled. In the step shown in figure 1A, the pressure is
relative high, such that the kinetic energy of the particles
within the plume 3 is reduced and the particles have a
’soft landing’ on the surface of the sensitive material and
form a first layer of target material 6.

[0035] In the step shown in figure 1B, the pressure is
reduced, such that the particles within the plume 3 keep
their kinetic energy and are deposited on top of the first
layer of target material 6 in the conventional way to form
the second layer of target material. Because thefirst layer
6 is already arranged on top of the sensitive material 2,
protecting this layer 2 and enabling conventional depo-
sition of a second layer.

[0036] Figure 2 shows a second embodiment of the
method according to the invention. A substrate 10 is pro-
vided with alayer 11 of a sensitive material. Furthermore,
a vapor plume 12 is generated. This vapor plume 12 has
a core 13 with particles having a relative high velocity,
and an envelope 14 around the core 13 with particles
with a relatively low velocity.

[0037] The plume 12 is moved over the surface of the
sensitive material 11. The envelope 14 deposits first a
first layer 15 of target material of the sensitive material
11. The trailing core 13 then deposits a second layer 16
on the already deposited first layer 15. As the first layer
15 and second layer 16 are deposited with the same tar-
get material particles, a virtually homogeneous layer of
target material on top of the sensitive material 11 is cre-
ated.

[0038] Figure 3 shows anembodiment20 of an organic
light emitting diode (OLED). This OLED 20 has a sub-
strate layer 21, like a glass layer. A first conductive layer
22 is deposited with a conventional physical vapor dep-
osition method on this substrate layer 21. Then an emis-
sive electroluminescent layer 23 is provided on top of the
conductive layer 22.

[0039] With the method according to the invention a
second conductive layer 24, 25 is arranged on top of the
sensitive, emissive electroluminescent layer 23. The first
layer 24 of transparent conductive material is first depos-
ited, after which the second layer 25 of transparent con-
ductive material is deposited. Because both layers 24,
25 are subsequently deposited , a homogeneous layer
is provide on the emissive electroluminescent layer 23.
[0040] When a voltage is applied to the two conductive
layers 22 and 24, 25 the emissive electroluminescent
layer 23 will emit light. As both conductive layers can be
made transparent using for example indium tin oxide , a
fully transparent OLED is obtained.
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Claims

1. Method for depositing a target material onto a sen-
sitive material, which method comprises the steps of:

- providing a substrate with a sensitive material,
like an emissive electroluminescent layer;

- creating a vapor plume of target material by a
physical vapor deposition method;

- depositing a first layer of target material on the
sensitive material, while maintaining the maxi-
mum particle velocity of the deposited particles
below a preset value; and

- depositing a second layer of target material on
the first layer of target material, while the maxi-
mum particle velocity of the deposited particles
is above the preset value.

2. Method according to claim 1, wherein the first layer
is deposited while using a first pressure regime, the
second layer is deposited while using a second pres-
sure regime and wherein the second pressure is low-
er than the first pressure.

3. Method according to claim 1, wherein the vapor
plume is moved over the surface of the sensitive ma-
terial and the vapor plume is controlled such, that
the maximum velocity of the particles in the core of
the plume is above the preset value and the maxi-
mum velocity of the particles around the core is below
the preset value.

4. Method according to claim 3, wherein the movement

of the vapor plume starts outside of the surface of
the sensitive material.

5. Method according to claim 1, wherein the distance
between the target material and the substrate is in-
creased during depositing the first layer and said dis-
tance is decreased during depositing the second lay-
er.

6. Method according to any of the preceding claims,
wherein the physical vapor deposition method is a
pulsed laser deposition.

7. Method according to any of the preceding claims,
wherein the combined first and second layer is a
transparent conducting oxide, in particular indium tin
oxide.

8. Intermediate product manufactured with the method
according to any of the preceding claims, wherein
the product comprises:

- a substrate with a sensitive material, like an
emissive electroluminescent layer;
- a first layer of target material deposited on the
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sensitive material, wherein the deposited parti-
cles have marginally penetrated the sensitive
material.

9. Organic light emitting diode comprising: 5
- a substrate;
- afirst electric conducting layer arranged on the
substrate;
-an emissive electroluminescentlayer arranged 70
on the first electric conducting layer; and
- asecond electric conducting layer arranged on
the emissive electroluminescent layer;
characterized in that the second electric con-

ducting layer is arranged using the method ac- 15
cording to any of the claims 1 - 7.
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1. claims: 2(completely); 1, 6, 7, 9(partially)

Method for depositing a target material onto a sensitive
material, which method comprises the steps of:- providing a
substrate with a sensitive material, like an emissive
electroluminescent layer;- creating a vapor plume of target
material by a physical vapor deposition method;- depositing
a first layer of target material on the sensitive material,
while maintaining the maximum particle velocity of the
deposited particles below a preset value; and- depositing a
second layer of target material on the first layer of target
material, while the maximum particle velocity of the
deposited particles is above the preset value, wherein the
first layer is deposited while using a first pressure
regime, the second layer is deposited while using a second
pressure regime and wherein the second pressure is lower
than the first pressure. An organic light emitting diode,
which production involves the above method.

2. claims: 3, 4(completely); 1, 6, 7, 9(partially)

Method for depositing a target material onto a sensitive
material, which method comprises the steps of:- providing a
substrate with a sensitive material, like an emissive
electroluminescent layer;- creating a vapor plume of target
material by a physical vapor deposition method;- depositing
a first layer of target material on the sensitive material,
while maintaining the maximum particle velocity of the
deposited particles below a preset value; and- depositing a
second layer of target material on the first layer of target
material, while the maximum particle velocity of the
deposited particles is above the preset value and wherein
the vapor plume is moved over the surface of the sensitive
material and the vapor plume is controlled such, that the
maximum velocity of the particles in the core of the plume
is above the preset value and the maximum velocity of the
particles around the core is below the preset value. An
organic light emitting diode, which production involves the
above method.

3. claims: 5(completely); 1, 6, 7, 9(partially)

Method for depositing a target material onto a sensitive
material, which method comprises the steps of:- providing a
substrate with a sensitive material, like an emissive
electroluminescent layer;- creating a vapor plume of target
material by a physical vapor deposition method;- depositing
a first layer of target material on the sensitive material,
while maintaining the maximum particle velocity of the
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requirements of unity of invention and relates to several inventions or groups of inventions, namely:

deposited particles below a preset value; and- depositing a
second Tayer of target material on the first layer of target
material, while the maximum particle velocity of the
deposited particles is above the preset value and wherein
the distance between the target material and the substrate
is increased during depositing the first layer and said
distance is decreased during depositing the second layer. An
organic light emitting diode, which production involves the
above method.

4. claims: 1, 6, 7(all partially)

Method for depositing a target material onto a sensitive
material, which method comprises the steps of:- providing a
substrate with a sensitive material, like an emissive
electroluminescent layer;- creating a vapor plume of target
material by a physical vapor deposition method;- depositing
a first layer of target material on the sensitive material,
while maintaining the maximum particle velocity of the
deposited particles below a preset value; and- depositing a
second Tayer of target material on the first layer of target
material, while the maximum particle velocity of the
deposited particles is above the preset value and wherein
the physical vapor deposition method is a pulsed Taser
deposition. An organic light emitting diode, which
production involves the above method.

5. claims: 1, 7(all partially)

Method for depositing a target material onto a sensitive
material, which method comprises the steps of:- providing a
substrate with a sensitive material, like an emissive
electroluminescent layer;- creating a vapor plume of target
material by a physical vapor deposition method;- depositing
a first Tayer of target material on the sensitive material,
while maintaining the maximum particle velocity of the
deposited particles below a preset value; and- depositing a
second Tayer of target material on the first layer of target
material, while the maximum particle velocity of the
deposited particles is above the preset value and wherein
the combined first and second Tayer is a transparent
conducting oxide. An organic light emitting diode, which
production involves the above method.

6. claim: 8

A product comprising:- a substrate with a sensitive
material, like an emissive electroluminescent layer;- a
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first Tayer of target material deposited on the sensitive
material, wherein the deposited particles have marginally
penetrated the sensitive material.
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